Mechanistic considerations on the dose-rate/LET dependence of oncogenic transformation by ionizing radiations.
When exposure to densely ionizing radiation is protracted, the resulting biological effect is sometimes, but not always, enhanced for transformational end points, relative to acute exposure. A pattern has emerged as to the dependence of this effect on dose, dose rate, and radiation quality. Previous calculations indicated that the dose and dose-rate trends can be predicted by a model in which there is a period within the cell cycle of very high sensitivity to oncogenesis. Recent experiments indicate that the inverse dose-rate effect is significant over a very limited range of LETs--from about 30 to 130 keV/microns. We discuss such LET effects in the context of cell cycle-dependent models, and suggest that the effects are understandable on the basis of such models. In essence, the inverse dose-rate effect disappears at high LET because of a reduction in the number of cells being hit, and disappears at LETs below about 30 keV/microns because most of the dose is deposited at low specific energies, insufficient to produce the saturation effect which is central to the phenomenon. At even lower LETs, damage repair yields the familiar sparing associated with protraction of X- or gamma-ray doses.